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the relay resistor being connected to a relay ; a charging 
voltage determination unit configured to determine whether 
or not a variation value of a charging voltage of a direct 
current ( DC ) link capacitor according to an operation start of 
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APPARATUS FOR DETECTING puts the DC power , which is charged in a DC link capacitor 
MALFUNCTION OF RELAY 12c , as AC power having a constant voltage and a constant 

frequency according to a PWM control signal of the control 
CROSS REFERENCE TO RELATED unit 14 . 

APPLICATION The control unit 14 controls the converter unit 11 and the 
inverter unit 13 to control a power conversion and a power 

This application claims the benefit of Korean Patent output . More particularly , the control unit 14 performs 
Application No . 10 - 2016 - 0051499 , filed on Apr . 27 , 2016 , control and protection functions so as to enable the converter 
entitled “ APPARATUS FOR DETECTING MALFUNC unit 11 , the DC link unit 12 , and the inverter unit 13 to 
TION OF RELAY ” , which is hereby incorporated by refer - 10 smoothly perform their functions and operations which are 
ence in its entirety into this application . described above . 

For this purpose , the control unit 14 performs an operation BACKGROUND processing on control and protection algorithms and moni 
1 . Technical Field 15 tors a current , a voltage and the like , thereby sensing an 

abnormal operation . Also , the control unit 14 transmits a 

The present disclosure relates to an apparatus for detect control signal to the IGBT modules of the inverter unit 13 , 
ing malfunction of a relay , and more particularly , to an and provides a user with operation status information of the 
apparatus for detecting malfunction of a relay , which detects inverter system 10 . 
malfunction of a relay based on a variation value of a 20 The DC link unit 12 stores the DC power that has been 
charging voltage of a direct current ( DC ) link capacitor and converted from the converter unit 11 . More particularly , the 
resistance temperature of a relay resistor according to an DC link unit 12 is configured with a relay 12a , a relay 
operation start of an inverter system . resistor 12b , and a DC link capacitor 12c . 

2 . Description of the Related Art 25 SUMMARY 

Generally , an inverter system has been widely used in a An object of the present disclosure is to prevent the 
variety of industrial fields across from a motor application heating and burning of a relay resistor and an output 
field to various electronic equipment fields and the like . degradation of an inverter system due to a drop voltage 
Such an inverter system typically generates an alternating 30 generated at the relay resistor by detecting malfunction of a 
current ( AC ) voltage by switching a direct current ( DC ) relay based on a variation value of a charging voltage of a voltage according to a pulse width modulation ( PWM ) direct current ( DC ) link capacitor according to an operation signal using an insulated gate bipolar transistor ( IGBT ) that start of the inverter system and a resistance temperature of is a switching device . the relay resistor . Ultimately , the inverter system may supply an AC voltage 35 The object of the present disclosure is not limited to the of a voltage and a frequency desired by a user to a load , above described object , and other objects and advantages thereby accurately controlling a driving of electronic equip 
ment such as a motor . not mentioned above will be understood in the art from the 

FIG . 1 is a diagram illustrating a configuration of a following description and also will be apparently understood 
conventional inverter system 10 . FIG . 2 is a circuit diagram 40 by an embodiment of the present disclosure . Also , it will be 
of the conventional inverter system 10 when a relay 12a is easily understood that the object and advantages of the 
operated to be turned off , and FIG . 3 is a circuit diagram of present disclosure described herein may be implemented by 
the conventional inverter system 10 when the relay 12a is means and a combination thereof defined by the appended 
operated to be turned on . claims . 

With reference to FIGS . 1 to 3 , the inverter system 10 is 45 To attain such an object described above , an apparatus for 
a power conversion apparatus which receives AC power detecting malfunction of a relay , which detects malfunction 
from a mains electricity supply 20 and varies a voltage and of a relay connected to a direct current ( DC ) link capacitor 
a frequency thereof to control a speed of an electric motor so as to block an overcurrent being generated when an 
30 that drives a load 40 . operation of an inverter system starts , includes a temperature 

The electric motor 30 being controlled by the inverter 50 determination unit configured to determine whether or not a 
system 10 drives the load 40 that is used in environments of relay resistor is overheated based on a resistance tempera 
energy reduction and an industrial automation such as a fan , ture of the relay resistor being connected to the relay ; a 
a pump , an elevator , a conveyer , a production line and the charging voltage determination unit configured to determine 
like . whether or not a variation value of a charging voltage of the 

For this purpose , the inverter system 10 is configured with 55 DC link capacitor according to the operation start of the 
a converter unit 11 , a DC link unit 12 , an inverter unit 13 , inverter system exceeds a reference variation value ; and a 
and a control unit 14 . relay malfunction determination unit configured to deter 

For power conversion , the converter unit 11 converts AC mine whether or not the relay is malfunctioned based on one 
power received from the mains electricity supply 20 into DC or more the determination results whether or not the relay 
power . More specifically , the converter unit 11 is configured 60 resistor is overheated and whether or not the variation value 
with a plurality of diode rectifying circuits and receives the exceeds the reference variation value . 
AC power from the mains electricity supply 20 to generate In accordance with the present disclosure as described 
the DC power including a ripple component . above , there is provided an effect capable of preventing the 

The inverter unit 13 again converts the DC power stored heating and burning of a relay resistor and an output 
in the DC link unit 12 into AC power for operating the 65 degradation of an inverter system due to a drop voltage 
electric motor 30 . More specifically , the inverter unit 13 is generated at the relay resistor by detecting malfunction of a 
configured with a combination of IGBT modules , and out - relay based on a variation value of a charging voltage of a 
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direct current ( DC ) link capacitor according to an operation value of a charging voltage of the DC link capacitor 12c and 
start of the inverter system and a resistance temperature of a resistance temperature of the relay resistor 12b according 
the relay resistor . to an operation start of an inverter system . 

For this purpose , the apparatus 100 for detecting mal 
BRIEF DESCRIPTION OF DRAWINGS 5 function of a relay according to one embodiment of the 

present disclosure may include a temperature measurement 
FIG . 1 is a diagram illustrating a configuration of a unit 110 , a temperature determination unit 120 , a voltage 

conventional inverter system . measurement unit 130 , a variation value calculation unit FIG . 2 is a circuit diagram of the inverter system when a 140 , a charging voltage determination unit 150 , a reference relay is operated to be turned off . U variation value calculation unit 160 , a malfunction determi FIG . 3 is a circuit diagram of the inverter system when the nation unit 170 , and a notification unit 180 . relay is operated to be turned on . The temperature measurement unit 110 may measure a FIG . 4 is a diagram illustrating a configuration of an resistance temperature that increases at the relay resistor 12b apparatus for detecting malfunction of a relay according to s due to a current flowing at the relay resistor 12b . one embodiment of the present disclosure . 
FIG . 5 is a circuit diagram of an inverter system provided For this purpose , the temperature measurement unit 110 

with the apparatus for detecting malfunction of a relay may measure a resistance temperature of the relay resistor 
according to one embodiment of the present disclosure . 12b using a negative temperature coefficient ( NTC ) therm 

FIG . 6 is a flow chart illustrating a process of detecting istor that is located in the vicinity of the relay resistor 12b 
malfunction of a relay using the apparatus for detecting 20 and varies its resistance value according to a resistance 
malfunction of a relay according to one embodiment of the temperature . 
present disclosure . Here , the NTC thermistor is a thermistor that reversely 

varies its resistance value with respect to an ambient tem 
DETAILED DESCRIPTION perature variation , and thus has a characteristic in which a 

25 resistance value is decreased when an ambient temperature 
The above and other objects , features and advantages of is raised , whereas the resistance value is increased when the 

the present disclosure will be described later in detail with ambient temperature is dropped . 
reference to the accompanying drawings , and thus the tech Meanwhile , a temperature measurement unit 110 accord 
nical spirit of the present disclosure can be easily imple ing to another embodiment may measure a resistance tem 
mented by those skilled in the art . In the following descrip - 30 perature of the relay resistor 12b after a preset measurement 
tion of the present disclosure , if a detailed description of start time from a time when an operation of the inverter 
known configurations and functions is determined to system 10 starts . 
obscure the interpretation of embodiments of the present In other words , the temperature measurement unit 110 
disclosure , the detailed description thereof will be omitted according to another embodiment measures the resistance 
Hereinafter , preferred embodiments according to the present 35 temperature of the relay resistor 12b when a preset mea 
disclosure will be described in detail with reference to the surement start time passes after an operation of the inverter 
accompanying drawings . In the drawings , the same refer - system 10 has started . 
ence numerals refer to the same or similar elements through Through such a process , the temperature measurement 
out . unit 110 according to another embodiment may not perform 

FIG . 4 is a diagram illustrating a configuration of an 40 an unnecessary temperature measurement at an operation 
apparatus 100 for detecting malfunction of a relay according start time of the inverter system 10 at which a resistance 
to one embodiment of the present disclosure , and FIG . 5 is temperature of the relay resistor 12b is a low temperature . 
a circuit diagram of an inverter system provided with the The temperature determination unit 120 may determine 
apparatus 100 for detecting malfunction of a relay according whether or not the relay resistor 12b is overheated based on 
to one embodiment of the present disclosure . 45 the resistance temperature of the relay resistor 12b , which is 

With reference to FIGS . 4 and 5 , an inverter system , measured from the temperature measurement unit 110 . 
which is provided with an apparatus for detecting malfunc - More particularly , the temperature determination unit 120 
tion of a relay according to one embodiment of the present may compare the resistance temperature with a preset ref 
disclosure , may include a converter unit 11 , a direct current erence temperature value and determine that the relay resis 
( DC ) link unit 12 , an inverter unit 13 , and a control unit 14 50 tor 12b is overheated when the resistance temperature 
shown in FIG . 1 . exceeds the preset reference temperature value as the com 

For a power conversion , the converter unit 11 may convert e converter unit 11 may convert parison result . 
alternating current ( AC ) power received from a mains Contrarily , the temperature determination unit 120 may 
electricity supply 20 into DC power . determine that the relay resistor 12b is not overheated when 

The DC link unit 12 may store therein the DC power 55 the resistance temperature does not exceed the preset refer 
converted from the converter unit 11 . ence temperature value as the comparison result of the 

The inverter unit 13 may again convert the DC power resistance temperature and the preset reference temperature 
stored in the DC link unit 12 into AC power so as to operate value . 
an electric motor . The temperature determination unit 120 may transmit the 

The control unit 14 shown in FIG . 1 may control the 60 determination result of a status of the relay resistor 12b 
converter unit 11 and the inverter unit 13 to control a power being overheated or not as described above to the malfunc 
conversion and a power output . tion determination unit 170 to be described later . 
More particularly , the DC link unit 12 may include a relay The voltage measurement unit 130 may serve to measure 

12a , a relay resistor 12b , and a DC link capacitor 12c . a charging voltage of the DC link capacitor 12c . 
Here , an apparatus 100 for detecting malfunction of a 65 For this purpose , the voltage measurement unit 130 may 

relay according to one embodiment of the present disclosure include a voltage measurement sensor for measuring a 
may detect malfunction of the relay 12a based on a variation capacitor voltage . 
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Meanwhile , before an operation start of the inverter Meanwhile , a meaning of a relationship between the 
system , that is , when the inverter system is not operating , the variation value and the reference variation value which are 
voltage measurement unit 130 may measure a charging described above will be described in detail . 
voltage of the DC link capacitor 12c as a first charging As described above , in an initial stage at which an 
voltage . 5 operation of the inverter system starts , electric power is 

Also , the voltage measurement unit 130 may measure a input to the inverter system such that an overcurrent ( a 
charging voltage of the DC link capacitor 12c as a second surge - like current ) flows thereinto . 
charging voltage when an operation of the inverter system In order to prevent the burning of the inverter system due 
has started and a preset time passes . to such an overcurrent , the relay resistor 12b is connected to 

Here , the preset time may be a time at which an overcur - 10 the DC link capacitor 12c and the relay 12a is connected in 
rent ( a surge - like current ) is decreased or may be a start time parallel to the relay resistor 12b . 
at which the overcurrent is not occurred , wherein the over - In an initial stage at which an operation of the inverter 
current flows at the inverter system due to a power input at system starts , the relay 12a is controlled to be turned off , 
a time when an operation of the inverter system starts . thereby preventing an overcurrent from flowing in the DC 

That is , the preset time may be a time for controlling the 15 link capacitor 12c and the inverter unit 13 . 
relay 12a to be turned off so as to decrease an overcurrent Through such an operation , an input current of the 
that is generated at an initial operation in the inverter system . inverter system flows to the DC link capacitor 12c and the 

The variation value calculation unit 140 may receive the inverter unit 13 via the relay resistor 12b . 
first charging voltage and the second charging voltage which Thereafter , when the operation of the inverter system 
are measured from the voltage measurement unit 130 , and 20 starts and after a preset time , the relay 12a is controlled to 
may calculate a voltage difference between the first charging be turned on such that the input current of the inverter 
voltage and the second charging voltage as a variation value system flows to the DC link capacitor 12c and the inverter 
of a charging voltage of the DC link capacitor 12c . unit 13 without via the relay resistor 12b . 

Here , the variation value of the charging voltage of the At this point , the input current flows at the relay resistor 
DC link capacitor 12c may be a voltage value obtained by 25 12b to cause a voltage drop when the relay 12a is controlled 
subtracting the second charging voltage , which is charged at to be turned off , whereas , when the relay 12a is controlled 
the DC link capacitor 12c after the operation start of the to be turned on , the input current does not flow at the relay 
inverter system and the preset time passes , from the first resistor 12b and thus a voltage drop is not generated . 
charging voltage which is charged at the DC link capacitor Consequently , by comparing a charging voltage of the DC 
12c before the operation start of the inverter system . 30 link capacitor 12c when the relay 12a is controlled to be 
At this point , the variation value calculation unit 140 may turned off with that of the DC link capacitor 12c when the 

calculate the variation value of the charging voltage of the relay 12a is controlled to be turned on , the charging voltage 
DC link capacitor 12c using the following Equation 1 . of the DC link capacitor 12c when the relay 12a is controlled 

to be turned on may be higher . AVdc = Vdel - Vde2 Equation 11 
[ Equation 1 ] 35 Therefore , when the relay 12a , which should be con 

Here , AV de is a variation value of a charging voltage of the trolled to be turned on , is malfunctioned to be turned off after 
DC link capacitor 12c , Vdel is a first charging voltage the operation of the inverter system starts and the preset time 
charged at the DC link capacitor 12c before the operation passes , a charging voltage of the DC link capacitor 12c may 
start of the inverter system , and V dc2 is a second charging have a voltage value more less than that of the DC link 
voltage charged at the DC link capacitor 12c after the 40 capacitor 12c when the relay 12a operates normally . 
operation start of the inverter system and the preset time . The malfunction determination unit 170 may determine 

The charging voltage determination unit 150 may deter - whether or not the relay 12a is malfunctioned based on one 
mine whether or not a variation value of a charging voltage or more determination results whether or not the relay 
of the DC link capacitor 12c according to an operation start resistor 12b is overheated , and whether or not a variation 
of the inverter system exceeds a reference variation value . 45 value of a charging voltage of the DC link capacitor 12c 

Here , the reference variation value may be a voltage value exceeds a preset reference variation value . 
that is a reference in determining whether a variation value More particularly , the malfunction determination unit 170 
of a charging voltage of the DC link capacitor 12c is a may determine that the relay 12a is malfunctioned when the 
variation value when the relay 12a operates normally or temperature determination unit 120 determines that the relay 
when the relay 12a is malfunctioned . 50 resistor 12b is overheated , and the charging voltage deter 

Such a reference variation value may be calculated from mination unit 150 determines that the variation value of the 
the reference variation value calculation unit 160 . charging voltage of the DC link capacitor 12c exceeds the 

The reference variation value calculation unit 160 may preset reference variation value . 
calculate a reference variation value using a resistance value Through such an operation , the malfunction determina 
of the relay resistor 12b and a current value flowing at the 55 tion unit 170 may decrease an error which is generated when 
relay resistor 12b . malfunction of the relay 12a is determined using only one of 

The variation value calculation unit 160 may calculate the the resistance temperature of the relay resistor 12b and the 
reference variation value using the following Equation 2 . variation value of the charging voltage of the DC link 

capacitor 12c . 
Vref = IxRxM Equation 2 60 For example , the malfunction determination unit 170 may 

Here , Vref is a reference variation value , I , is a current prevent a detection delay of malfunction due to a time 
value of a current flowing at the relay resistor 12b , R is a consumed for rising in temperature when the resistance 
resistance value of the relay resistor 12b , and M is a temperature of the relay resistor 12b is used only . 
correction factor . When the malfunction determination unit 170 determines 
Here , the correction factor may be a variation value of a 65 that the relay 12a is malfunctioned , the notification unit 180 

charging voltage of the DC link capacitor 12c when the relay may notify the control unit 14 of the inverter system 10 , or 
12a operates normally . a manager thereof of the determination result . 
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For this purpose , the notification unit 180 may notify the What is claimed is : 
malfunction of the relay 12a using one or more of a sound , 1 . An apparatus for detecting a malfunction of a relay , 
an image , a character , and a symbol through an output part . which detects the malfunction of the relay connected to a 

FIG . 6 is a flow chart illustrating a process of detecting direct current ( DC ) link capacitor so as to block an over 
malfunction of a relay using the apparatus for detecting 5 current being generated when an operation of an inverter 
malfunction of a relay according to one embodiment of the system starts , comprising : 
present disclosure . a temperature determination unit configured to determine 

With reference to FIG . 6 , the temperature measurement whether a relay resistor is overheated as a first deter unit 110 measures a resistance temperature rising at the relay mination result based on a resistance temperature value resistor 12b due to a current flowing thereon in Operation 10 of the relay resistor being connected to the relay ; S601 . 
The temperature determination unit 120 compares the a charging voltage determination unit configured to deter 

mine whether a variation value of a charging voltage of resistance temperature of the relay resistor 12b , which is 
measured from the temperature measurement unit 110 , with the DC link capacitor according to the operation start of 

the inverter system exceeds a reference variation value a preset reference temperature value in Operation S602 . 15 as a second determination result ; and The temperature determination unit 120 determines that 
the relay resistor 12b is not overheated when the resistance a relay malfunction determination unit configured to 
temperature does not exceed the preset reference tempera determine whether the relay is malfunctioned based on 
ture value as the comparison result of the resistance tem the first and second determination results , wherein a 

malfunction is determined when the relay resistor is perature and the preset reference temperature value in 20 
Operation S603 . Contrarily , the temperature determination overheated and the variation value of the charging 
unit 120 determines that the relay resistor 12b is overheated voltage exceeds the reference variation value . 
when the resistance temperature exceeds the preset reference 2 . The apparatus of claim 1 , wherein the temperature 

determination unit determines that the relay resistor is temperature value in Operation S603 . 
Here , the determination result whether or not the relay 25 ove v og overheated when the resistance temperature value exceeds a 

resistor 12b is overheated is transmitted to the malfunction preset reference temperature value . 
determination unit 170 . 3 . The apparatus of claim 1 , further comprising : 
Meanwhile , before an operation of the inverter system a variation value calculation unit configured to calculate 

starts , that is , when the inverter system is not operating , the a voltage difference between a first charging voltage of 
the DC link capacitor before the operation of the voltage measurement unit 130 measures a charging voltage 30 

of the DC link capacitor 12c as a first charging voltage in inverter system starts and a second charging voltage of 
the DC link capacitor after the operation of the inverter Operation S604 . 

Next , after the operation of the inverter system starts and system starts and a preset time passes as the variation 
value of the charging voltage of the DC link capacitor . a preset time passes , the voltage measurement unit 130 

measures a charging voltage of the DC link capacitor 12c as 35 4 . The apparatus of claim 1 , further comprising : 

a second charging voltage in Operation S605 . a reference variation value calculation unit configured to 
The charging voltage determination unit 150 compares a calculate the reference variation value using the resis 

tance value of the relay resistor and a current value of variation value between the first and second charging volt 
ages of the DC link capacitor 12c according to the operation a current flowing at the relay resistor , 

wherein the reference variation value calculation unit start of the inverter system with a preset reference variation 40 
value in Operation S606 . calculates the reference variation value using the fol 

The charging voltage determination unit 150 transmits a lowing Equation : 
determination result to the malfunction determination unit 
170 when the variation value exceeds the reference variation Vref = ! , xRxM 
value as a comparison result of the variation value between 45 wherein Vref is the reference variation value , I , is the 
the first and second charging voltages of the DC link current value of the current flowing at the relay resistor , 
capacitor 12c according to the operation start of the inverter R is the resistance value of the relay resistor , and M is 
system and the preset reference variation value in Operation a correction factor . 
S607 . 5 . The apparatus of claim 1 , further comprising : 
When the temperature determination unit 120 determines 50 a temperature measurement unit configured to measure 

that the relay resistor 12b is overheated , and the charging the resistance temperature of the relay resistor using a 
voltage determination unit 150 determines that the variation negative temperature coefficient ( NTC ) thermistor , 
value of the charging voltage of the DC link capacitor 120 wherein a resistance value of the NTC thermistor is 
exceeds the preset reference variation value , the malfunction varied in response to variation of an ambient tempera 
determination unit 170 determines that the relay 12a is 55 ture ; and 
malfunctioned in Operation S608 . Also , the malfunction a voltage measurement unit configured to measure the 
determination unit 170 notifies the control unit 14 of the charging voltage of the DC link capacitor . 
inverter system 10 or a manager thereof of the malfunction 6 . The apparatus of claim 1 , further comprising : 
through the notification unit 180 in Operation S608 . a notification unit configured to notify the determination 

Although the present disclosure has been described with 60 result of the malfunction determination unit . 
reference to the embodiments , it should be understood that 7 . The apparatus of claim 1 , wherein the relay resistor is 
numerous other substitutions , modifications and alterations connected in parallel to the relay that is connected to the DC 
can be devised by those skilled in the art without departing link capacitor . 
the technical spirit of this disclosure , and thus it should be 8 . An inverting system , comprising : 
construed that the present disclosure is not limited by the 65 a converter unit configured to convert alternating current 
embodiments described above and the accompanying draw power from the electric supply into direct current 
ings . power ; 
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a direct current link unit configured to store the direct the DC link capacitor before the operation of the 
current power converted from the converter unit ; inverter system starts and a second charging voltage of 

an inverter unit configured to convert the direct current the DC link capacitor after the operation of the inverter 
power from the direct current link unit into the alter system starts and a preset time passes as the variation 
nating current power ; value of the charging voltage of the DC link capacitor . 

a relay connected to a direct current link capacitor to 11 . The apparatus of claim 8 , further comprising : 
block an overcurrent ; and a reference variation value calculation unit configured to 

a malfunction detecting apparatus which detects a mal calculate the reference variation value using the resis 
function of the relay connected to a direct current ( DC ) tance value of the relay resistor and a current value of 
link capacitor so as to block an overcurrent being 10 a current flowing at the relay resistor , wherein the 
generated when an operation of an inverter system reference variation value calculation unit calculates the 
starts , including : reference variation value using the following Equation : 

a temperature determination unit configured to determine Vref = 1 , xRxM whether a relay resistor is overheated as a first deter 
mination result based on a resistance temperature value 15 15 wherein Vref is the reference variation value , I , is the 
of the relay resistor being connected to the relay ; current value of the current flowing at the relay resistor , 

R is the resistance value of the relay resistor , and M is a charging voltage determination unit configured to deter 
a correction factor . mine whether a variation value of a charging voltage of 

the DC link capacitor according to the operation start of 12 . The apparatus of claim 8 , further comprising : 
the inverter system exceeds a reference variation value 20 a temperature measurement unit configured to measure 

as a second determination result ; and the resistance temperature of the relay resistor using a 
a relay malfunction determination unit configured to negative temperature coefficient ( NTC ) thermistor , 

determine whether the relay is malfunctioned based on wherein a resistance value of the NTC thermistor is 

the first and second determination results , wherein a varied in response to variation of an ambient tempera 
malfunction is determined when the relay resistor is 25 ture ; and 
overheated and the variation value of the charging a voltage measurement unit configured to measure the 
voltage exceeds the reference variation value . charging voltage of the DC link capacitor . 

9 . The apparatus of claim 8 , wherein the temperature 13 . The apparatus of claim 8 , further comprising : 
determination unit determines that the relay resistor is a notification unit configured to notify the determination 
overheated when the resistance temperature value exceeds a 30 result of the malfunction determination unit . 
preset reference temperature value . 14 . The apparatus of claim 8 , wherein the relay resistor is 

10 . The apparatus of claim 8 , further comprising : connected in parallel to the relay that is connected to the DC 
a variation value calculation unit configured to calculate link capacitor . 

a voltage difference between a first charging voltage of * * * * * 


